Abstract. The purpose of this research was to produce and characterize nano silver (Ag)-geopolymer composite for functional surface materials. Geopolymer matrix was synthesized through alkali activation of metakaolin and nano silver was added into geopolymers paste with a mass of 0, 0.5 g, 1 g, 1.5 g and 2 g keeping the mass of metakaolin constant. The mixture was cured at 70 o C/1 hour and stored for 7 days before conducting any measurements. The structure of the resulting composite was examined by using Rigaku Mini Flex II x-ray diffraction (XRD). Scanning Electron Microscopy (SEM) coupled with Energy Dispersive Spectroscopy (EDS) was used to examine the morphology of the composite surface as well as the capability of the composite to isolate the growth of bacteria. The thermal properties of composites in terms of their working temperature and enthalpy were examined by using Perkin Elmer Differential Scanning Calorimetry (DSC). The heat resistance of composite was observed through calcination at 750 o C for 18 hours. The results indicate that the resulting composites were able resist up 750 o C. SEM examinations showed that nano Ag-geopolymer composites were effectively restraining the growth of bacteria. It is suggested that nano Ag-geopolymer composites are suitable for functional surface applications such as floor and wall, kitchen ware utensils, hospital instruments, art and decoration materials.
Introduction
Nanotechnology plays important role in the advancement of science and technology. This technology has already find a place in a wide range of physics, chemistry, biology, and medical applications. Nano silver (Ag) is one of the attractive nano materials for antibacterials application. Nano silver has been applied as antimicrobial in public area such as train stations and elevators. It is a well-known fact that silver ions and silver-based compounds are highly toxic to microorganisms which include 16 major species of bacteria [1] . Silver nanoparticles with a size between 1 -100 nm show unique physical, chemical and biological properties which is very much different when in bulk size [2] [3] [4] . Nanoparticles have vast surface area relative to volume and therefore minuscule amounts of silver nanoparticles can lend antimicrobial effects to hundreds of square meters of its host material [5] .
As antibacterial, the activity of nano silver is influenced by the type and number of bacteria colony as well as time contact between nano silver and bacteria [6] . The size of nano silver will determine the penetration process on the particles into bacteria. Silver's antimicrobial is based on the interaction between free silver ions with specific bacterial cell structure. The silver ions block the enzymatic respiration chain, Ion perak memblokir rantai respirasi enzimatik, cause destruction of the cell membrane (lysis), or to prevent mitosis of these organisms [7] .
Composite nano silver-geopolymers can be applied to cover a wall in which Ag nanoparticles will prevent the formation of biofilm, or the wall of bacteria cell and therefore unable to split [8] . This study was conducted to examine the potential of nano Ag-geopolymer composites to be applied as functional surface, arts dan decoration materials which have unique color and structure [9] , as well as material that inhibit the growth of bacteria.
Research Method
Composite nano silver (Ag)-geopolimers were synthesized through alkali activation of metakaolin. The resulting geopolymer paste was added with silver nanoparticle up to 2 g keeping the mass of metakaolin constant. The mixture was stirred manually and poured into polycarbonate container and cured at 70 o C for 1 hour. Silver nanoparticle was prepared from AgNO 3 precursor by using the bioreduction method of the extract of catappa (Terminalia catappa) leaves for 4 hours.
The resulting composites were stored in open air for 14 day before commencing any measurements. X-ray diffraction technique was performed to observe the structure of as-prepared and calcined composites at 750 o C. Samples for Scanning Electron Microscopy (SEM) was prepared and stored in oper air to examine the presence of any bacteria on the surface of composites. Differential Scaning Calorimetry (DSC) was performed to study the working temperature and the entalhy of the resulting composites.
Results and discussion
Figure 1(a) is the morphology of silver nanoparticles prepared through bioreduction method of AgNO 3 . The SEM image shows that the particle size of silver below 100 nm and with this size silver nanoparticles have important optical properties, mechanics, and toxicity [10] . Figure 1(b) is the SEM image of metakaolin particles used in this study. The image showed that metakaolin consist of flakes particles similar to those of kaolin. It can be seen that the peak of silver is at 38 o 2ș and increase as the amount of silver increase. The presence of silver did not influence the overall amorphous structure of geopolymers made from metakaolin. The presence of silver nanoparticle in the network of geopolymers change the exothermic profile of this material as can be seen from figure 4 (b) . The enthalpy of the composites increase as the mass of silver increase as can be seen in Figure 5 shows the SEM images of composite nano Ag-geopolymers. Figure 5(a) shows the typical morphology of geopolymers surface made from metakaolin. This sample did not contain silver nanoparticles. Figure 5 (b,c,d , and e) shows the morphology of composites surfaces which contain 0.5 g, 1.0 g, 1.5 g, and 2.0 g of nano silver and have been exposed to open air before coating with Pd/Au for several days. The images show that on the surfaces of all samples contain certain types of bacteria. This indicates that the presence of nano silver on the surface of the samples effectively captured and inhibited the growth of bacteria. Yaohui et.al. [11] reported that nano silver effectively capture 650 types of bacteria. Figure 6 show that the presence of Nano silver in the network of geopolymers did not reduce the ability of geopolymers to retards heat. Although substantial cracks were observed on the surface of all samples after heat resistance measurement but the integrity of the samples remains strong. The occurrence of cracks was a result of dry shrinkage of the samples which start to take place at temperature 100 o C [12, 13] . Table 3 shows the bulk density of the sample before and after heat resistance measurement. The reduction of densities of the samples after heat measurements due to substantial cracks on the surface of the samples. 
Summary
Functional composite nano silver-geopolymer based on metakaolin have succesfully produced and characterised. Silver nanaparticles was produced through bioreduction method (solution of catappa leaves) of AgNO 3 . The composites were able to inhibit certain types of bacteria which indicate that the presence of nano silver works effectively as microbial agent. The resulting composites also showed excellent properties as heat resistance material. The result of this study suggest that functional composite nano silver-geopolymers can be applied as antimicrobial material.
